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Dairy cows feeding
Feed is the highest individual cost of production. 
Reduce feed costs without affecting production, 
health or reproduction.
Adequate ration balancing is a crucial component of 
a dairy farm budget.
DDGS concerns
1. Heat damage
2. Mycotoxins
3. Minerals
4. Fat and fatty acids
5. Pricing
1. Heat Damage
Heat binds protein with sugars (Maillard)
Bound protein indigestible (Lysine!).
20% DDGS in diet? Lysine 1st limiting AA
ADIN good indicator of heat damage
Color Variation in DDGS
Low ADINHigh ADIN 
2. Mycotoxins
Main mycotoxins
• Aflatoxins (carcinogen regulated by FDA)
• Vomitoxin (DON) feed refusals
• Fumonisin carcinogen
• Zearalenone- Reproductive problems
Garcia et al. 2008
3. Minerals
Sulfur
• Range: 0.31 to 1.93%
• Sulfuric acid use
Sodium
• Range: 0.01 to 0.53; problem particularly in poultry
Phosphorus
• Can be up to 1%
• High supplementation levels; environment?
4. Fat: the basics
Fat: 2.25 times > energy than carbohydrates. 
Removing from corn:
• Starch: energy increases 
• Fat: energy decreases! 
Full fat DG (10% EE) 
• Source of protein, energy and minerals
• Sometimes linked to milk fat depression. 
• Bio-refineries are extracting oil from DG.
• Fat reduction should make them safer. 
• Does this hold true?
Fat and fatty acids
• New generation DDGS have reduced fat.
Cao et al., 2009 
• Linoleic can cause milk fat depression.
• Consider unsaturated FA separately
Fatty acids of 9 fractions from 3 
ethanol plants.
16:00 18:00 18:01 18:02 18:03
Ground corn 13.25 c 1.80 d 27.15 a 56.53 a 1.26 bc
Cooked slurry 16.24 ab 2.04 bc 25.93 bc 54.30 b 1.36 ab
Liquefied mass 16.41 a 1.97 cd 25.89 bc 54.40 b 1.34 ab
Fermented mass 15.87 ab 2.19 ab 25.85 bc 54.79 b 1.29 ab
Whole stillage 15.83 ab 2.24 ab 26.02 bc 54.64 b 1.28 bc
Thin stillage 15.26 ab 2.28 a 27.10 a 54.21 b 1.15 d
Distillers solubles 15.79 ab 2.34 a 26.73 ab 53.96 b 1.18 cd
Distillers grains 16.49 a 2.21 ab 25.25 c 54.65 b 1.40 a
DDGS 16.24 ab 2.27 a 25.59 c 54.51 b 1.36 ab
J. Am. Oil Chem. Soc. 2011
Diets with ethanol co-products
Ration specifications:
•Production: 100 Lbs
•50:50 Forage:concentrate (corn silage, alfalfa and 
grass hay).
•L/M ratio 3 (6.6 and 2.2% of MP).
•Total fat 6.5 %. 
•W/o DDGS linoleic = 526.44 g (1.2 Lbs.). 
•20% RFDDGS diet:  linoleic 400 g (0.9 Lbs.)
Animal characteristics
Diet 1 without DDGS 
Nutrient summary
Fatty acid composition
Diet 2 with RFDDGS
Nutrient summary
Fatty acid composition
Fatty Acids Summary
Protein concentrate
Fatty Acids SBM RFDDGS
C 12:0 1.97 2.55
C 14:0 25.75 23.07
C 16:0 426.98 386.12
C 16:1 8.70 6.38
C 18:0 240.69 251.25
C 18:1 Trans 2.59 2.46
C 18:1 Cis 221.59 210.03
C 18:2 526.44 399.51
C 18:3 61.81 63.40
Total Unsaturated 821.13 681.78
Total Saturated 2283.88 2076.22
Conclusions
Replaces protein, energy, and minerals. 
Monitor effective fiber, N and P. 
Inclusions as % diet dry matter
• Calves 25%
• heifers 30%
• dry cows 15%
• Lactating cows 20% 
Pricing distillers Grains
-April 2016 prices-
5. Pricing
1. Based on CP
2. Based on CP and energy
3. Based on de-oiling
1. Pricing based on CP
Pricing DDGS.xlsx
2. Based on CP and energy
Simultaneous equations
Standards: corn (NEL) and SBM 48 (CP). 
Corn CP 9.4% and 2.01 Mcal NEL/kg.
SBM 48% CP and 2.21 Mcal NEL/kg. 
DDGS CP 29.7% and 1.97 Mcal NEL/kg. 
Simultaneous equations
Protein: 0.297 = 0.094x + 0.48y
Energy: 1.97 = 2.01x + 2.21y
Solve a simultaneous set of two linear equations: 
http://www.webmath.com/solver2.html
Simultaneous equations
Once the equations are solved, the energy 
multiplier (x) is 0.382047 and the protein 
multiplier (y) is 0.543932. 
0.382047*corn price + 0.543932*SBM price
Relative price DDGS: 
0.382047*145 + 0.543932*264 = 199 $/T
Market $136/T
1. Partial oil removal concentrates all other nutrients 
2. Energy reduced proportionally to fat extraction.
Estimation of energy in reduced-fat DDGS
1.       {a - [(1 - b)*c]}/b 
where: a = energy in full-fat DDGS (Mcal/kg); 
b = nutrients remaining (in kg) after fat extraction
c = Mcal/kg of vegetable oil.
García and Diaz-Royón. 2012
3. Based on reduced fat
• Energy of full-fat (10%) DDGS at 3Xm = 1.97 Mcal/Kg
• Energy of oil at 3Xm = 5.63 Mcal/kg). 
If final fat in extracted DG is 6%, then 4%   
units of fat were removed from base DG
Substituting in formula 1 : 
{a - [(1 - 0.96)*5.63]/0.96 = 1.8 Mcal/kg.
Energy in 6% fat RFDG is 91% that of full-fat DG!
3. Based on reduced fat
With similar calculations, NEL for 8% RFDG fed 
at 3Xm = 1.9 Mcal NEL (
˷ 
96% of full-fat DG). 
The table shows energy 
and CP of full fat DG 
(10.6%), and 8%, 6%, 
and 4% RFDDGS. 
3. Based on reduced fat
Purchase price of RFDDGS? 
• Relative price for RFDDGS with 8%, 6% and 4% 
fat should be 
˷
98%, 97% and 95% of full fat 
DDGS market price 
• In other words 2, 3 or 5% discount price, 
respectively.
3. Based on reduced fat
New Generation DDGS
• Variability dropped up to 5 years ago
• Great improvements in CP digestibility
• De-oiling re-introduced inter-plant variation 
• RFDDGS have less energy than DDGS
Energy reduction
• With centrifuges up to13% less NEL; likely up 
to 17% less with solvents 
• Ruminants less susceptible to the drop
• Compensatory feed intake
• Lower end range in particle size (612-2125 ɲ) 
continues to be a problem.
Questions?
